• Mycorrhizal fungi are essential for the survival of orchid seedlings under natural conditions. 24
as in most orchidioid species, new roots appear from late summer to autumn, but a few more 155 may form in spring (Rasmussen, 1995) . In A. morio, seed germination was found to be 156 significantly related to the distance to the nearest congeneric adult (Jacquemyn et al., 2012) . Genomic DNA was also extracted from fungal pelotons manually isolated from orchid 188 mycorrhizal roots. Roots were rinsed with tap water and sonicated. Each root (which was approx. 189 7-8 cm long) was cut into approx. 5-cm-long segments, which were microscopically checked for 190 fungal colonization. Such a microscopic observation revealed the occurrence of many active 191 pelotons in the newly formed roots of both A. morio and O. sphegodes. Highly colonized root 192 segments were teased with a sterile scalpel in a 6 cm Petri dish containing 5 ml of sterile water, 193 in order to release the pelotons. Pelotons were collected with a micropipette and transferred in 194 PCR tubes. Before PCR amplification, the pool of pelotons obtained from each plant was 195 disrupted by heat shock (10 min at 95°C) in 10 l 1X PCR buffer (Sigma-Aldrich). 196
The quality and quantity of DNA samples from soil and roots was assessed by 197 spectrophotometry (ND-1000 Spectrophotometer NanoDropH; Thermo Scientific, Wilmington, 198 Germany). The nuclear ribosomal internal transcribed spacer 2 (ITS2) region was amplified from 199 all DNA extracts by means of a semi-nested PCR approach. In the first PCR, the entire ITS 200 (ITS1-5.8S-ITS2) region was amplified either the generic fungal primer pair ITS1F-ITS4 (White 201 et al., 1990; Gardes & Bruns, 1993) (hereinafter, referred to as the "ITS primer pair"), or the 202 ITS1-OF and ITS4-OF primers, specifically designed for orchid mycorrhizal fungi (Taylor &  203 McCormick, 2008) (hereinafter, the "OF primer pair"). For the second PCR, ITS3mod and ITS4 204 (White et al., 1990) tagged primers were used to amplify the ITS2 region. ITS3mod is a 205 modified version of ITS3: 5'-CAATCGATGAACAACGYWGC-3'. Each DNA extract was 206 amplified in three replicates. 207
The first PCR was performed using 0.4U of Phusion High Fidelity DNA polymerase 208 (Thermo Fisher Scientific, Courtaboeuf, France), 1x Phusion HF buffer, 0.5µM of ITS or OF 209 primers, 0.2mM of each dNTPs and 1µl of genomic DNA (20ng), in a final volume of 20µl. For 210 the ITS primer pair, the PCR conditions used were: 5 min at 95°C, 35 cycles of 30 s at 94°C, 45 211 s at 54°C and 1 min at 72°C, followed by 10 min at 72°C. For OF primers the PCR conditions 212 used were: 2 min at 96°C, 35 cycles of 30 s at 94°C, 40 s at 58°C and 45s at 72°C, followed by 213 barcodes, 0.2µM of each dNTPs and 2µl of diluted PCR product, in a total volume of 50µl. PCR 217 conditions were 30 s at 98°C, 30 cycles of 10 s at 98°C, 30 s at 64°C and 20 s at 72°C, followed 218 by 10 min at 72°C. All PCRs were performed using a T3000 thermal cycler (Biometra GmbH, 219 Germany). PCR products were checked on agarose gel, and the three replicates of each sample 220 were pooled and purified using The Wizard® SV Gel and PCR Clean-Up System (Promega, 221 USA) following the manufacturer's instructions. After quantification with Qubit 2.0 (Life 222 Technologies), the purified PCR products were mixed in equimolar amounts to prepare 223 sequencing libraries. The libraries were paired-end sequenced using the Illumina MiSeq 224 technology (2 X 250 bp) by Fasteris (Plan-les-Ouates, Switzerland). 225
226

Bioinformatic analyses 227
Paired-end reads from each library were initially merged using PEAR v0.9.2 (Zhang et al., 228 2014), with the quality score threshold for trimming the low quality part of a read set at 28 and 229 the minimum length of reads after trimming set at 200 bp. 230
Assembled reads were then processed using Quantitative Insights into Microbial Ecology 231 (QIIME) v. 1.8 software package (Caporaso et al., 2010) . Initial sequence processing and sample 232 assignment were performed with a minimum sequence length cut-off of 200 bp, minimum Phred 233 quality score of 28, calculated over a sliding window of 50 bp, and allowing a maximum 234 mismatch of 3 bp over the forward and reverse primers. Sequences were re-orientated when 235 necessary to 5′ to 3′, and demultiplexed based on the tags and primers. Chimeric sequences were 236 identified and removed performing a de novo (abundance based) detection using USEARCH61 237 (Edgar, 2010), as implemented in the QIIME pipeline. Operational taxonomic units (OTUs) were 238
determined using an open reference-based clustering strategy, with the USEARCH61 method, at 239 98% similarity; only clusters encompassing at least 10 sequences were retained. The UNITE 240 database version 6 for QIIME was used as a reference for Operational Taxonomic Unit (OTU) 241 Sequences obtained from pelotons isolated from both O. sphegodes and A. morio roots were 325 predominantly assigned to ceratobasidioid fungi (75.4% and 28.1% of total sequences, 326 respectively). The second most dominant groups were tulasnelloid fungi in O. sphegodes (18.7% 327 total sequences) and pezizoid fungi in A. morio roots (21.2% total sequences). Sequences 328 assigned to Hygrocybe spadicea, Fusarium oxysporum, as well as diverse Glomeromycota were 329 also obtained from both orchids, whereas sequences assigned to sebacinoid fungi were not 330 retrieved from roots (Supporting Information Table S1 ). 331
Most rhizoctonias identified in soil (94.4%, 88.7%, and 91.7% of tulasnelloid, 332 ceratobasidioid, and Sebacinaceae OTUs, respectively), as well as 35.3% pezizoid OTUs, were 333 phylogenetically closely related to fungi identified in orchid roots at the study sites or elsewhere 334 OrM fungi; Figs S2-S5). None of the tulasnelloid OTUs was closely related to tulasnelloid ECM 335 lineages ( Fig. S2 ). Ceratobasidioid OTUs were distributed in all clades identified by Veldre and 336 co-authors (2013; Fig. S3b ). 337
The soil samples from both sites also hosted common soil fungi (such as Mortierella and 338 Fusarium spp.), including taxa typical of grassland habitats (such as members of the 339 Clavariaceae and Hygrophoraceae) ( Table S2 , Figs S6-S11). With a few exceptions, these 340 Ascomycota, Basidiomycota and zygomycetous fungi were unassigned at the species/genus 341 level, but exhibited high sequence identity to environmental sequences from different soils Table S3 ). Such a difference was mainly due to phylogroups Tul_2 and Seb_A1, which were 348 significantly more common in soil samples collected at site 1, and Cer_18, which was associated 349 to soil samples collected at site 2 (indicator species analysis, Table S2 ). Likewise, the 350 assemblage of non-OrM tulasnelloid, ceratobasidioid, sebacinoid and pezizoid fungi also 351 differed at the two sites (PERMANOVA ; Table S3 ), mostly due to Pez_9 and Pez_10 (associated 352 to site 1) and Seb_B4 (associated to site 2; Table S2 ). Significant differences were also found for 353 non-rhizoctonia and non-pezizoid fungi (PERMANOVA ; Table S3 ), mainly due to a number of 354
Ascomycota (Table S2) . 355
The influence of the orchid species was evaluated for soil samples containing A. morio or 356 O. sphegodes roots at site 1. No significant difference was found under the two orchid species 357 for either individual taxa of OrM or non-OrM fungi (Indicator species analysis, in Table S2 ), or 358 their assemblages (PERMANOVA, in Table S3 ). Similarly, although some taxa exhibited a 359 significant association with a group of soil samples (Table S2) , the overall assemblage of non-360 rhizoctonia and non-pezizoid fungi did not differ significantly between the two groups of soil 361 samples (Table S3) . 362
Most OrM fungi were either absent or infrequent even in the samples collected underneath 363 the orchid plants, occurring in 0-40% of the latter soil samples (Table S2) . 364 365
Occurrence of OrM fungi in orchid roots and the corresponding soil samples 366
Sequences obtained from the roots of both orchid species were predominantly assigned to the 367 ceratobasidioid phylogroup Cer_2 (Fig. S3a were dominated by the ceratobasidioid phylogroup Cer_11, which was not amplified from roots.
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were not obtained from roots (Table S1 ). OrM fungal assemblages, indeed, differed significantly 380 between roots and soil (PERMANOVA ; Table S3 , see also Fig. 2) , mainly due to the significant 381 difference between A. morio roots and the corresponding soil samples (PERMANOVA; Table  382 S3). These differences were linked to the indicator ceratobasidioid and pezizoid phylogroups 383 associated with A. morio roots and the corresponding soil samples (Table S4) , as well as other 384 ceratobasidioid and pezizoid phylogroups which were instead associated with the root samples of 385 both orchids (Cer_2, Pez_3) or with soil samples, independently of the orchid species (Cer_11; 386 Table S4 ). On the contrary, no significant difference was found between O. sphegodes roots and 387 the corresponding soil samples (PERMANOVA ; Table S3 ), which shared phylogroups Cer_2, 388
Tul_2 and Tul_3 (Tables S1, S2). 389 390
Spatial distribution of OrM fungi in soil 391
Community level analyses 392
Mantel tests showed significant spatial autocorrelation for the overall OrM fungal assemblage 393 composed by tulasnelloid, ceratobasidioid, sebacinoid and pezizoid fungi (but not for the single 394 groups, when analysed separately) only at site 1 (Table S5) . Similarly, significant autocorrelation 395 for the assemblage composed by non-OrM tulasnelloid, ceratobasidioid, sebacinoid and pezizoid 396 fungi (but not for the single taxonomic groups) was found only at site 2 (Table S5) . 397
The Mantel correlograms revealed significant autocorrelation within small distance classes 398 (< 2m on average) for tulasnelloid, ceratobasidioid, sebacinoid and pezizoid fungi (OrM and 399 non-OrM), as well as saprotrophic Psathyrellaceae (Fig. 2a , Table S6 ). Significant 400 autocorrelation occurred at higher distances for OrM ceratobasidioid and sebacinoid fungi (at 401 6.25-7.58m and 7.59-8.93m, respectively), non-OrM pezizoid fungi (2.43-3.89m and 2.51-402 3.42m) and saprotrophic Psathyrellaceae (12.97-14.30m; Fig. 3a , Table S6 ). The saprotrophic 403
Mycenaceae and Mortierellaceae/Umbelopsidaceae, by contrast, did not exhibit significant 404 distance-decay. Depending on the taxonomic group, significant relationships were found at either 405 or both sites. No difference in the occurrence of significant relationships was found among 406
OrM, non-OrM and saprotrophic taxa (chi-square tests, P>0.05; Fig. 3a ). 407 408
Individual taxon level analyses 409 in the OrM than in the non-OrM ceratobasidioid fungi (Fig. 3b) . The lack of detection of OrM fungi in the soil cores containing orchids roots colonized by the 506 same fungi indicates limited, if any, development of extraradical fungal mycelium. The 507 occurrence of OrM extraradical mycelium is to be verified morphologically under natural 508 conditions. To the best of our knowledge, nothing is currently known about either mycelium-or 509 spore-based, short-and long-distance dispersal mechanisms of OrM fungi in soil. Exploration for 510 new, uncolonized host roots is a crucial function of the extraradical mycorrhizal mycelium. In 511 EcM fungi, several functional groups, so-called "exploration types", have been defined based on 512 the amount, range, and differentiation of the mycelial structures emanating from the hyphal 513 mantle into the soil (Agerer, 2001 (Agerer, , 2007 . Such morphological features determine the fungal and root density in a Pinus muricata forest, Peay and colleagues (2011) found that long-distance 517 exploration types were more prevalent in areas of low root density, while short-distance types 518 were more common in areas of high root density, supporting the idea that when roots are densely 519 packed, short-range exploration would be an effective strategy and may be more efficient in 520 terms of carbon expenditure than longer distance types. Considering that orchid plants occur in 521 dense patches and their roots are also in close contact with the dense root systems of co-522 occurring grasses, the extraradical mycelium of OrM fungal species may only explore a limited 523 volume of soil in the close rhizosphere of their host plants. In conclusion, we have found evidence of spatial autocorrelation in all main taxonomic groups of 546
OrM fungi in the study areas. An intriguing result is that some widespread root symbionts were 547 found to be quite rare even in host-dense soils. Future investigations should explore alternative 548 niches of common OrM fungi found to be infrequent in soil at the small scale and also address 549 
